dopamine; suprachiasmatic nucleus; mathematical modeling; lactotrophs THE EARLY PHASE OF PREGNANCY and pseudopregnancy in rats is characterized by two daily peaks of prolactin (PRL) secretion, referred to as nocturnal (at ϳ0300) and diurnal (at ϳ1700) surges (13, 15, 21) . This unique secretory pattern is induced by the mating stimulus or vaginocervical stimulation [copulatory stimulus (CS)] and persists for ϳ10 days in pregnant (45) animals and 12 days in pseudopregnant animals (44) . The increased PRL output is important in maintaining the structural and functional integrity of the corpus luteum, which, in turn, is responsible for progesterone synthesis (44) . The PRL secretory pattern in CS rats entrains to photoperiod and can be shifted within limits under various lighting conditions (53) . Furthermore, this pattern becomes free running in constant darkness, which demonstrates that the PRL rhythm is a true circadian rhythm (6) .
PRL secretion from lactotrophs, located in the anterior lobe of the pituitary gland, is controlled by a balance of PRLreleasing and -inhibiting hormones supplied to the pituitary gland from neurosecretory cells in the hypothalamus through the portal vasculature (1, 15, 28) . Several in vivo and in vitro studies (12, 13, 15, 40) have indicated that oxytocin (OT) is a potential PRL-releasing hormone. Most recently, we (12) showed that bath application of OT to cultured lactotrophs elevates intracellular Ca 2ϩ levels and induces PRL secretion. The PRL-inhibiting hormone is dopamine (DA), which is released primarily by tuberoinfundibular (TIDA) neurons of the arcuate nucleus (ARC) (3, 15, 28) . Inhibition of lactotroph activity is mediated by the D2 subtype of G protein-coupled DA receptors (3) . DA tonically inhibits the secretion of PRL, and PRL release occurs only when DA levels in the portal blood are reduced (7, 32) . Whereas DA release by TIDA neurons inhibits lactotrophs, PRL secreted by the lactotrophs stimulates DA synthesis and metabolism in TIDA neurons (22, 35) . Studies (10) further demonstrate a time delay between the subcutaneous injection of PRL and the increased DA release from TIDA neurons. Thus mutual interactions between TIDA neurons and lactotrophs form a short feedback loop (20, 34) that has been proposed to be largely responsible for PRL homeostasis (3) .
The mating stimulus/CS in female rats serves as a trigger for the unique PRL rhythm, which lasts much longer than the stimulus. Thus there is some form of memory that persists throughout the duration of the rhythm (48, 49) . Can other events trigger the PRL rhythm, and if so, will the rhythm persist for several days? Studies have shown that OT is released into the circulation as a direct response to CS. This has been demonstrated in sheep (26) , rats (36) , and humans (the Ferguson reflex) (14, 27, 30) . The main goal of this study is to determine whether a sustained PRL rhythm can be triggered by a single injection of OT. To this end, we measure blood concentrations of PRL and DA concentrations in the anterior lobe of the pituitary gland after a single injection of OT to see whether they are rhythmic, and if so, whether they exhibit a phase relationship similar to that of CS-stimulated rats.
The PRL rhythm entrains to the photoperiod (6). One mechanism for entrainment is thought to be daily pulses of vasoactive intestinal polypeptide (VIP) from the hypothalamic suprachiasmatic nucleus (SCN) (12) . It has been demonstrated (17) that VIP fibers originating in the SCN innervate DA neurons in the ARC. These neurons express VIP receptors of subtype 2 (VPAC2R) (17) , and the application of oligonucleotide antisense to VIP mRNA into the SCN stimulates DA neuron activity (18) , which suggests that the VIP connection from the SCN to TIDA neurons is inhibitory. We (12) have recently found that VIP fibers from the SCN also innervate OT neurons in the paraventricular nucleus (PVN). Therefore, it is likely that these OT neurons will be entrained by the VIP signal of SCN origin.
An earlier report (2) showed that OT is involved in the regulation of PRL surges of CS rats. Thus it is possible that OT neurons of the PVN form part of the neural circuitry responsible for the CS-induced PRL rhythm. If so, does PRL then feed back onto the OT neurons, as it does onto the DA neurons of the ARC? An additional goal of this study is to determine whether this feedback may occur, by performing an immunocytochemical (ICC) analysis of VPAC2R and PRL receptors (PRLR) in the PVN. In particular, we wish to determine whether OT neurons coexpress VPAC2R and PRLR, which would suggest that these neurons participate in both the PRL rhythm generation and its entrainment to the photoperiod.
MATERIALS AND METHODS

General Experimental Techniques
Animals. Adult female Spargue-Dawley rats (200 -250 g; Charles River, Raleigh, NC) were kept in standard rat cages under a 12:12-h light-dark cycle (lights on at 0600), with water and rat chow available ad libitum. All animals were bilaterally ovariectomized (OVX) under halothane anesthesia. Animal procedures were approved by the Florida State University Animal Care and Use Committee.
CS. The uterine cervix was stimulated with an electrode constructed from a Teflon rod (diameter, 5 mm), with two platinum wires protruding from the tip. Each rat was stimulated twice, the first time at 1700 and the second time on the following morning at 0900. Stimulations were applied as two consecutive trains of electric current of 10-s duration (rectangular pulses, 1 ms of 40 V at 200 Hz). This procedure has been shown (19) to yield the highest success rate in initiating two daily PRL surges that are characteristic of mated rats.
Jugular vein catheter implantation. Polyurethane catheter tubing (Micro-Renathane; Braintree Scientific, Braintree, MA), extended with Tygon tubing (TGY-040-100; Small Parts, Miami Lakes, FL), was inserted into the jugular vein as the rats were anesthetized with halothane. The tubing, filled with heparinized saline (100 U/ml), was fitted subcutaneously and exteriorized at the back of the animal's neck. A daily flush with heparinized saline kept the line open until the start of the blood collection, Ն3 days after surgery.
Extraction of the anterior lobe of the pituitary gland. Animals were briefly sedated by inducing hypercapnia (50% CO 2-O2 Ϫ ) and then decapitated. Pituitary glands were quickly removed and placed on ice, and lobes were carefully dissected under a microscope (OPMI 1; Zeiss, Oberkochen, Germany). Isolated anterior pituitary lobes were placed in homogenization buffer (0.2 N perchlorate with 50 M EGTA) and rapidly frozen in an ArcticIce tube transport block (USA Scientific, Ocala, FL). Tissue samples were stored at Ϫ80°C until they were assayed for DA by high-performance liquid chromatography with electrochemical detection (HPLC-EC). The DA content of the anterior lobe is of particular interest because this is the location of the PRL-secreting lactotrophs. DA content of the anterior lobe varies in response to manipulations that affect catecholamine synthesis (37) . We (11) have previously shown that the DA content of the anterior lobe is inversely proportional to the rate of PRL secretion.
Radioimmunoassay. Serum concentrations of PRL were estimated in duplicate by the rat PRL radioimmunoassay (RIA) kit, as previously described (16) . Rat PRL RP-3 standard was supplied by Dr. Albert Parlow through the National Hormone and Pituitary Program. The measurement of serum OT concentration was performed with the Phoenix OT kit (Phoenix Pharmaceuticals, Belmont, CA), which was validated for the use of rat serum. The assay sensitivity was 1 pg/ml serum. OT could affect the secretion of PRL through three routes. It could arrive at the anterior lobe through the short portal vessels connecting the posterior with the anterior lobe. It could also arrive through the long portal vessels from the median eminence (41, 50) . Finally, the lactotrophs would respond to OT released from the posterior lobe into peripheral plasma. It is with the last assumption that we use peripheral plasma levels of OT as a reflection of that which influences PRL secretion (12) .
DA measurement by HPLC-EC. DA concentrations were measured in extracts of the anterior lobe of the pituitary gland, as previously described (42) . The amount of catecholamine in each sample was estimated by direct comparison to the area under each peak for known amounts of catecholamine. The amount of 3,4-dihydroxybenzylamine (DHBA, RT ϭ 6.5 min) recovered was compared with the amount of DHBA added as internal standard and corrected for sample loss (usually Ͻ5%). The assay detects 30 pg of DA.
Data analysis. All values are expressed as means Ϯ SE. Two-way analysis of variance (treatment ϫ time, with repeated measures for time) was used for the comparison of differences among treatment groups, followed by Bonferroni post hoc comparison. Statistical analyses were performed using GraphPad Prism 3.0 (GraphPad Software, San Diego, CA), and graphs were created with Microsoft Excel. Differences were considered significant at the level of P Յ 0.05.
Experiments Experiment 1: induction of PRL secretory rhythm by bolus injection of OT.
OT (H-2510, Bachem) in the concentration of 25 M was injected into OVX animals through the jugular vein catheter (0.1 ml/100 g body wt) under halothane anesthesia at 1600. For the control experiments, an equal amount of sterile saline was injected into animals in the same manner and at the same time of day that OT was given. Starting at 1800, 2 h after the OT injection, 200 l of blood were collected at each time point (see Fig. 1 ) throughout days 1, 2, 4, and 6 after injection. Blood loss during sampling was compensated by sterile saline replacement. Serum samples were stored at Ϫ40°C until analysis for PRL and OT concentration by RIA.
Experiment 2: determination of DA release pattern in the anterior lobe of the pituitary gland. A second series of animals was used to determine the daily DA profile in the anterior lobe of the pituitary gland of either OVX, OVX/CS, or OT-injected OVX animals. OT was injected at 1600 via the tail vein. A group of 4 -5 animals was killed at 0000, 0200, 1200, 1400, 1600, 1800, and 2200 on the 2nd day after designated treatment (CS or OT injection). Collection of the pituitary glands was accomplished as described above.
Experiment 3: ICC analysis of VPAC2R and PRLR coexpression on OTergic neurons in PVN and periventricular nucleus. ICC labeling.
Rats were transcardially perfused with 60 ml of cold perfusion rinse (0.5% NaNO 2 in 0.9% saline solution) followed by 300 ml of cold 4% paraformaldehyde in 0.1 M PBS (pH 7.2). After the perfusion, the brains were removed, postfixed in 4% paraformaldehyde-PBS overnight, and placed in 20% sucrose-PBS for Ն12 h. Coronal sections (40 m) of the brains [through the PVN and periventricular nucleus (PeVN)] were cut on a freezing microtome and stored in cryoprotectant (51) . Before the incubation with the primary antibodies, the sections were rinsed three times in 0.1% Triton X-100 in PBS and exposed to 10% normal horse serum (Chemicon, Temecula, CA) in PBS for 1 h. The following primary antibody combinations were used for the triple-labeling study: OT (rabbit anti-OT, IHC-8152, dilution 1:5,000; Peninsula Laboratories, Belmont, CA), VPAC2R (goat anti-VPAC2R, SC-15961, dilution 1:1,000; Santa Cruz Biotechnology, Santa Cruz, CA), and PRLR (mouse anti-PRLR, MA1-611, dilution 1:1,000; ABR Affinity BioReagents, Golden, CO). The binding specificity of the antibodies was verified earlier (12, 17) . After the incubation period of 48 h at 4°C, secondary antibodies, conjugated to fluorescent probes (CY2, CY3, and CY5; Jackson Immunoresearch, West Grove, PA), were added in the concentration of 1:600 for another 24 h at 4°C. All primary and secondary antibodies were diluted in 0.4% Triton X-100-0.01% Na azide in PBS. Finally, sections were washed three times with PBS and mounted on glass slides, and coverslips were applied with Aqua-Poly/Mount (Polysciences, Warrington, PA) and sealed with nail polish.
IMAGE ANALYSIS AND 3D RECONSTRUCTION. High-resolution images of OT-, VPAC2R-, and PRLR-immunostained brain sections through PVN and PeVN were taken with a confocal laser-scanning microscope [laser wavelength combination: T1 ϭ 633 nm, T2 ϭ 543 nm, T3 ϭ 488 nm on a Zeiss 510 microscope (Zeiss)], generating three channels. The 22 stacks of images (Յ50 images/stack) recorded from Ն3 adjacent coronal brain sections of PVN and PeVN per animal (5 animals in total) were further processed by applying nonblind deconvolution, which increases the image quality and resolution by computationally removing artifacts of the recording process (AmiraDeconv Module 3.1 software, Mercury Computer Systems/ TGS Unit, San Diego, CA). This process includes the application of the point spread function that describes the relationship between the ideal unblurred image of the specimen and the actual image generated by the microscope, which is based on iterative maximum-likelihood image restoration. After deconvolution, an isosurface was generated for each channel (isovalue/threshold ϭ 5), and the photon mapping technique (24) was applied to the three-dimensional (3D) models to simulate global illumination with software implemented by Kevin Beason at Florida State University (http://www.csit.fsu.edu/ϳbeason/ pane/), which generated photorealistic images with an improved 3D perception. The transparency of the green channel (OT immunolike staining) was increased so that the receptor staining (PRLR ϭ blue, VPAC2R ϭ red; see Fig. 3 ) could be seen within the soma.
Modeling
A phenomenological model for the TIDA neurons and lactotrophs was developed, incorporating known interaction pathways between these cell populations. We let PRL represent the activity level of lactotrophs and DA represent the activity level of TIDA neurons, and we begin with a description of the differential equation for the time dynamics of PRL.
Isolated lactotrophs are often tonically active (23) . We represent this tonic (endogenous) drive by the factor T p. In vivo, the lactotrophs are subject to inhibition from DA neurons, which we incorporate by dividing T p by 1 ϩ kdDA 2 . The parameter kd reflects the strength of the inhibition. The first term of the PRL differential equation is thus
This has a maximum value of T p (no DA inhibition) and declines to 0 as DA concentration is increased. The second term in the PRL equation provides first-order decay, which reflects the fact that if PRL is elevated it will tend to return to a basal level over time. This term is ϪqPRL, where q is the decay rate. The PRL equation is then
The DA neurons of female rats are also tonically active (8) . This tonic activation is represented by the factor T d. As described earlier (10, 20, 22, 35) , PRL has been shown to stimulate DA activity. We expect that in vivo this stimulation would be delayed for up to several hours, according to previous reports (9, 10). However, more recent studies (31) have shown the possibility of a faster response to PRL, especially in cultured cells. Delayed stimulatory action of PRL is represented by multiplying T d by 1 ϩ kpPRL 2 . The notation PRL represents the PRL concentration at time t Ϫ , where is a time delay. The factor kp is the strength of the PRL feedback. As with the PRL equation, we include a first-order decay term,ϪqDA. For simplicity, we use the same decay rate, q. As described earlier (17, 18) , VIPergic neurons of the SCN innervate DA neurons of the ARC and likely provide time-of-day information. We add this pathway to the DA-PRL model through the parameter VIP, which represents the activity level of VIP neurons in the SCN. Because under normal lighting conditions the activity of these neurons is high during the morning, we model VIP as a square pulse that is elevated for 3 h in the morning, and 0 h at all other times. It has been shown (18) that the activity of DA neurons is inhibited by VIP. This inhibitory action is included in the differential equation for DA by adding the term Ϫr vVIP ⅐ DA. The influence of VIP is incorporated in a multiplicative manner so that VIP inhibits only active cells, ensuring that DA does not become negative. Thus the DA differential equation is
Equations 2 and 3 were integrated numerically using a 4th-order Runge-Kutta algorithm in the C programming language. Results of this simulation were used in Fig. 4 , with parameter values Tp ϭ 6, k d ϭ 1, q ϭ 0.5, Td ϭ 10, kp ϭ 0.03, rv ϭ 2, and ϭ 3 h. The parameters were adjusted to produce a semicircadian PRL rhythm, illustrating that it is possible to produce such a rhythm solely from DA-PRL interactions, provided that the time delay, , is sufficiently long. To initiate and maintain the rhythm, a term ϪT d was added to Eq. 3 to counteract the tonic drive to the TIDA neurons after OT injection. A further description of the model and additional simulations are given in the companion paper (4).
RESULTS
Mating-Like PRL Secretory Pattern Induced by Bolus Injection of OT
Experiments were performed to investigate whether an OT surge is sufficient to induce the PRL secretory pattern that is characteristic of mated rats. OT was given as an intravenous bolus injection at 1600 to OVX rats through an implanted jugular vein cannula. As control, saline was injected at the same time of day in a different set of OVX animals (Fig.1, A  and C, arrows) . Two hours later, serial blood sampling was started and continued for Յ6 days. Pilot studies revealed that there is no response in PRL secretion to the OT injection within the first 2 h (M. Egli, unpublished data).
A first PRL surge appeared 6 h after the OT injection at 2200 in OT-injected animals (Fig. 1A, solid line) . A PRL secretory rhythm with nocturnal and diurnal surges was fully established after another 23 h. This PRL secretory rhythm continued on days 4 and 5 (Fig. 1B, solid line) and through days 6 and 7 (M. Egli, unpublished data). Injection of the same amount of saline had no effect on PRL secretion (Fig. 1, A and B, dotted line) . For the purposes of comparison, PRL levels on day 2 induced by CS are superimposed in Fig. 1 (dashed line) . Although the PRL surges are somewhat larger in the OT-injected rats than in the CS rats, the pattern of PRL secretion is similar on day 2 (the only day measured for CS rats).
The measurement of OT in the same blood samples revealed that, after the OT injection, normal levels were reestablished after 22 h (Fig. 1C, solid line ). An afternoon increase in circulating OT, which seems to be characteristic for OVX/CS rats (Fig. 1C, dashed line) , occurred on the 2nd day after OT injection. However, this increase was not statistically significant. The afternoon elevation was diminished on days 4 and 5 (Fig. 1D) . The injection of saline caused no fluctuation of the OT secretory profile (Fig. 1, C and D, dotted line) .
DA Level Exhibits Daily Rhythm
Further investigations were carried out to determine whether the daily fluctuation of DA supply to the anterior lobe of the pituitary gland displays the same pattern in CS and in OTinjected OVX rats. The HPLC-EC analysis of the samples revealed a single peak of DA in the anterior lobe of the pituitary gland at 1200 in both the OT-injected and CS rats (Fig. 2, solid and dashed 
OTergic Neurons in PVN Coexpress VPAC2R and PRLR
It has been shown (12) that OT stimulates PRL release from lactotrophs. Given the well-established DA-PRL feedback loop (20, 34) , we sought to determine whether such a feedback loop might potentially exist between lactotrophs and OT neurons of the PVN and/or PeVN through verification of PRLR expression on OT neurons. Our laboratory has shown (12) that OT neurons in the PVN and PeVN express VPAC2R, which suggests that these neurons may be affected by the SCN. Thus we used a fluorescent triple-labeling approach, with antibodies against OT, VPAC2R, and PRLR to determine whether PRLR and VPAC2R were coexpressed on OTergic neurons. Analysis of the confocal microscopy-obtained images revealed cells with immunopositive staining for OT, VPAC2R, and PRLR in both PVN and PeVN (ϳ30% of all of the OT-immunolabeled cells). An example of such an OTergic neuron (green) in the magnocellular region of the PVN that coexpresses VPAC2R (red) and PRLR (blue) is shown in Fig. 3A . More than 50% of OT-immunolabeled cells showed immuoreactive staining for either VPAC2R or PRLR, especially in the magnocellular portion of the PVN, and few OT neurons expressed neither VPAC2R nor PRLR. By contrast, PRLR as well as VPAC2R immunostaining also appeared on non-OT-labeled cells. The 3D reconstruction of the image stacks shows the spatial distribution pattern of PRLR and VPAC2R within OT-immunopositive cells. Besides the numerous VPAC2 and PRL receptors on the OT cell surface (Fig. 3A, filled arrows) , there were significant numbers of receptors of both types located inside the cell (Fig. 3A, open arrows) . It is not possible with this method to determine whether, for example, the receptors are . By contrast, saline injection had no effect on PRL secretory profile (A and B, dotted line). Measurement of OT serum level showed high values for the first 20 h after OT injection (C, solid line; Ͼ80 pg/ml for the first 16 h). Thereafter, level fluctuations were similar to those of OVX/CS rats (C, dashed line). Injection of saline had no effect on OT secretory profile (C and D, dotted line). Values are expressed as mean ng/ml PRL Ϯ SE (n ϭ 3-10 serial samples) and mean pg/ml OT Ϯ SE (n ϭ 3-10 serial samples). *Significantly higher PRL levels for OT-injected animals compared with saline-injected animals (P Ͻ 0.05); #significantly higher PRL level for CS animals compared with salineinjected animals (P Ͻ 0.05). located on internal vesicles. More precise analytical techniques would be necessary to reveal such a relationship.
Short-Loop Feedback of PRL on TIDA Activity Participates in Regulation of Rhythmic Release of PRL in Response to CS
To investigate the plausibility of a PRL rhythm produced by mutual interaction between lactotrophs and DA neurons, we constructed a mathematical model that includes equations for lactotroph and DA neuron activity. We found that the short feedback loop is a viable rhythmic mechanism, provided that the stimulatory effect of PRL on TIDA neurons is delayed by 2 or more h (Fig. 4) . In our model, PRL secretion from lactotrophs is high when DA neuron activity is low, because DA is an inhibiting factor. This results in an enhancement of DA neuron activity several hours later, because PRL is stimulatory to TIDA neurons. The resulting increase in DA secretion inhibits the lactotrophs, causing a fall in PRL secretion. Thus PRL secretion is low when the activity of DA neurons is high. The consequent removal of the stimulatory drive from the DA neurons causes DA activity to decline so that lactotroph activity can again rise and restart the cycle. One characteristic of this rhythm mechanism is that DA neuron activity peaks between the PRL surges (Fig. 4) ; that is, the PRL and DA peaks are out of phase.
DISCUSSION
Our study provides further insight into the neurosecretory network that governs rhythmic PRL secretion of CS rats. The results demonstrate that a single injection of OT (iv) in OVX animals causes an oscillatory secretion pattern of PRL, which resembles the typical PRL secretory profile of pregnant/pseudopregnant rats (15) . Furthermore, this pattern was sustained for several days, which indicates that the oscillatory PRL secretion was not just a short-term temporal response to the OT injection. Although illustrated only on day 2 (Fig. 1A) , the PRL surge amplitude of OVX/CS rats typically changes little during the 12-day period of pseudopregnancy (13, 19, 21) . Therefore, the PRL surge amplitudes of OVX/OT-injected animals on days 4 and 5 are comparable with the surge magnitudes of OVX/CS rats. However, despite the initial PRL reaction to the OT injection, the semicircadian PRL secretory pattern was not established until day 2. The intravenous OT injection exerted a powerful stimulus to lactotrophs, which initiated PRL secretion (first secretory peak at 2200; Fig. 1 ). Nevertheless, there was a time lag of Ͼ2 h before this initial PRL response was detectable in the serum samples. This delay could be due to the time required for stimulatory OT to overcome the inhibitory DA tone. DAergic neurons will also be stimulated with a time delay because of the stimulatory action of PRL on DAergic neurons. Thus the initial PRL surge will be terminated by the associated increase in inhibitory DA tone.
We (12) have previously shown that OT acts directly on lactotrophs to stimulate PRL secretion in a Ca 2ϩ -dependent manner. Alternatively, the fact that rhythmic PRL secretion was maintained for several days after the OT injection suggests the involvement of an OT-sensitive "memory" that can be switched on by sufficient stimulation. OT may activate a population of interneurons that would act like a switch. After acute activation by OT, these interneurons could provide inhibitory input to DAergic neurons, allowing for a sustained PRL secretory rhythm. This model for an OT-sensitive memory is described in detail in Bertram et al. (companion article, Ref. 4) . The mechanism for the rhythm is likely the delayed stimulatory effect of PRL on DA neurons, coupled with the inhibitory effect of DA on lactotrophs. The model prediction of an out-of-phase oscillation between PRL and DA (Fig. 4) is reflected in the experimental data shown in Figs. 1 and 2 . It is therefore possible that the core oscillation of PRL secretion in response to CS in rats is driven by the feedback loop between PRL and DA.
The typical PRL secretory pattern of pregnant/pseudopregnant rats with surges at ϳ0300 and 1700 appeared on day 2 and not on day 1. Because the system was still under the influence of a high level of OT on the morning of day 1 (Fig. 1) , the timing signal may have been suppressed. This was not the case on subsequent days. The OT level returned to normal by 1600 of the 1st day. With the appearance of the new timing signal in the second night, the PRL secretory rhythm experiences an entrainment to the time of day when the usual PRL surges of pregnant/pseudopregnant rats occur (Fig. 1) . The additional analysis of the DA content in the anterior lobe of the pituitary gland revealed that the 24-h profiles of CS and OT-injected animals are very similar (Fig. 2) . Peak values of DA occur at ϳ1200 in both OVX/CS and OVX/OT-injected animals. Increased activity of hypothalamic DA neurons at ϳ1200 has also been shown in CS rats (29) and is consistent with our data. However, the values of OVX/OT-injected animals were generally lower than those of OVX/CS rats (Fig. 2, dashed line) . These lower values could be the reason for the larger PRL surges of OVX/OT-injected animals on day 2 compared with those of OVX/CS rats (Fig. 1) . In addition, it cannot be excluded that differences in the PRL surge magnitude between OVX/CS and OVX/OT-injected animals may also occur because of the absence of additional factors that are activated only by CS. Further experiments are needed to identify these extra factors and to demonstrate their involvement in shaping the PRL amplitudes of pregnant/pseudopregnant rats.
It is likely that the SCN, which is regarded as the mammalian clock that orchestrates circadian rhythms (39, 46, 52) , entrains this PRL secretory rhythm to the ambient light-dark cycle (5) . This entrainment may occur through VIPergic input onto DA neurons of the ARC and possibly OT neurons of the PVN and PeVN (12) . Further evidence that VIP could affect the activity of OT neurons in the PVN and PeVN is shown in Fig. 3 . This ICC study shows colocalized staining for OT, VPAC2R, and PRLR on neurons in the PVN and PeVN, which suggests that these OTergic neurons respond not only to VIP input but also to PRL. Our results are consistent with earlier reports of VPAC2R expression (25, 43) and PRLR expression (33, 38) in the PVN. The abundant non-OT-related receptor immunostaining within the PVN and PeVN demonstrates that other cell types could be influenced by PRL or VIP, as has been shown for vasopressinergic neurons of the magnocellular secretory system, which are regulated by PRL (33) . By using the triple-labeling ICC technique, we demonstrate that the expression patterns of the different receptor types overlap in these brain nuclei. Because these nuclei are a major production site of OT (47), it is not surprising to find the two types of receptors coexpressed on a fraction of OTergic neurons. As with TIDA neurons (18) , VIP of SCN origin may also mediate the timing signal to OT neurosecretory cells located in the PVN and PeVN. The observation of PRLR expression on OTergic neurons supports the hypothesis that PRL feeds back onto OTergic neurons, completing a two-way OT-PRL feedback loop.
